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(57)Pc^pflT: |/i3o6peTeHiie OTHOCHTCft K cnoco6aM o6pa6oTKM MarepManoB^ e 
MacTHOCTMi K cnoco6dM pe3KH M CKpaRGMpOBdHm HeMeramiMMeciaix 
MaTepnanoB, npeHMyujecraeHHO ocb6o raepAbix (THna xopynAa) c 
nonynpoBQAHMKOBbiMM noKpbrriisvMM, creKoxi. CMranoB, icepaMMKii m r.n.. 

B ocHOBy M3o6peTeHvin nono)KeHa saAana co3AaHM5i cnocoSa peaxii 
HeMeTannimecKMx MaTepnanoB, a tom Miicne m 00060 TBepAboc* m c 
noiiynpoBOAHMKOBbiM noKpbiTvieM, nasepHbiM nanyMeHMeM. a KoropoM aa 
CMer 003AaHHH MMny/ibca c onpeAeneHHbiM Ha6opoM napaMenrpoe 
o6ecneMMBaKrrcn ycnoBMn ahp o6ecneMeHiin MexaHMSMa npoSon 
MarepMana za cser yAapHoA m MHoro4>OTOHHOiil noHMaauuu. BcneAcraMe 
Mero oo^Aaercn Ae4>eKT oMeHb Manoro paaMepa (no BenimiiHe 6nHdKMA k 
AMCt)paKUMOHHOMy npeAeny). a aa cm6t Bbi6opa paocromMH Me)Kay 
TOMxaMM npo6on AOCTMraeTcn npaicnmecKoe coorsercrBMe aHepmin 
naaepHoro MMnyribca m dHeprviM^ Heo6x0AMM0(4 fipn o6pa30BaHiiii 
Tpeu4UHbi Me}KAy 2 TOMxaMM npo6o59. 



wo 03/072521 PCT/RUOJ/00042 



Cnoco6 pesKM HeMerajuiMMecKHX MarepMaxioB m ycrpoi^cTBO 

AIM ero ocymecTBJieHM$i 

I 

f 

l/l3o6peTeHMe OTHOCvrrcn k cnoco6aM o6pa6oTKM MarepMajioB. b 
MacTHOCTM, K cnoco6aM pesKM M CKpai)6t4poBaHU5i HeMeTannimecKMX 
MaTepwajioB, npewMymecTBeHHo oco6o raepAbix (Tuna KopyHAa) c 
nonynpoBOAHWKOBbiMM noKpbnrM«MM, ca-eKon, cwranoB, KepawiMKM m T.n.. 
MsoSpeTGHiie mmr 6bm> iicnojibsoBaHO a anetcrpoHHOii 

SAMSHflOOIKHa JIHCT (DPABHAO 26) 
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npoMbiLuneHHOCTM npM pasAeneHMM noAno}KeK, orrmMecKiix aneiuieHTOB, 
KpHcraxuioB, npn Bbipeaice >KMAKOKpMCTannMMecKMX MHAHKaTopos 11 
430Touja6jioHOB, MarHMTHbix M MamMTOonTMHecKMX fifncKOB, a TaioKB npn 
MsroToaneHMM cremn w aepicaji m T.n. 

K TpaAi^UMOHHbiM MeTOAaiui o6pa6oTKM HeMeTajuiMHecKMX 
MarepManoB, raKvix, KaK Kaapu, nefiKocanctMip m aPm othocatcr pesKa m- 
cKpa(^6iipoBaHifie c noMou^bio anMasHoro m TBepAocruiaBHoro 
MHCTpyMeHTa, ajiMa3HO-a6pa3MBHan o6pa6oTKa KpoMoie 3tii npoMeccbi 
xapaiaepiisyioTc;! BbicoKOf) croMiMocTbio pacxoAHbix MarepnanoB m He 
o6ecnemiBaioT BUCOKoro npoueHia roAHUx lASfxenviih M3-3a Gojibujoro 
KO/iMMecnrea TpyAoeMKMX pyMHbix onepauMfi. 

MsBecreH cnoco6 pe3KM HeMerannMMecKMX MarepManoB, 
3aKnioHaK)U4MA(^ b Harpeae MBTepMa/ia JiasepHbiM ii3JiyMeHMeM ao 
TeMnepaiypbi, He npeBbiiuaiOLMeii reMneparypy pasMnrMeHun uarepMana, 
sareM jioKajibHOM oxjia>KAeHMM soHbi Harpeaa, npn aroM CKopocTb 
OTHocHTenbHoro nepeuemeHMfl nynxa m Marepnana m Mecro noKanbHoro 
oxna)KAeHMfl soHbi Harpeaa Bbi6MpaiOT m ycnoBiM o6pa30BaHi45i b 
MarepMaiTe HecKBOSHoii pasAennioutei) TpeuiMHU. (HaTeHT P<t> Ns 
2024441, C03B33/02. ony6Jl.1 5.12.94). 
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H^ocraTKOM SToro cnoco6a nsnjiKXTcn sarpyAHeHMSi npvi co^aHMM 
Ae()>eKra Manoro pasMepa iis-sa 6onbiiJoiii SHepreTHKM nynica m 6onbUJoii 
AnidHbi BonHbi MSJiyMeHMn m BcneACTBMe dToro He6oiibUiafl TOMHOCTb' 
jioKa/iMsamiM peaa. ToMHOcrb peaa Taioxe CHWKaercn BcneAcrrBHe 
sHaHMTenbHoro jiOKanbHoro Harpeea o6pa6aTbiBaeMoro o6pa3Ma. 

MaaecreH npouecc nasepHoro CKpai)6MpoBaHM5i m paapyuieHMji 
creioinHHUX cnoes c HaHeceHHbiM Ha hmx noKpbnvieM. Oh 
ocyuiecTBnnercfl nyreM HanpaeneHMn naaepHoro Jiyna or MMnyjibCHoro 
C02 nasepa, Antina bojihu KOToporo cMnbHO a6cop6yipyeTCfl creicnoM, 
c|>oic/cvipoBaHiifl JiasepHoro ManyHeHiin hb noBepxHocm Mareptiajia mjih b 
ero TOJime w ctsopuMpoBaHim Ae4>eicra b jo^kb 4)OKyciipoBKii (naTenr WO 
Nfl 0075983, H01L21/784, onySn. 14.12.2000). 

HeAOCTBTKOM dTvix cnocoSa h ycrpoflcTBa pfm pezm 
HeMerajinMMecKMx MarepManoB RBxi^ieTcsi to, hto b peay/ibTare noTepn 
BeiiiecTBa m3 oOjibctii o6pa30BaHMfl /\,e^eKTB paauep p,e(peKTa 
nonyMaercfi Sonbiue paaMepoB (t)OKaiibHoro iviTHa jiasepHoro nyMKa m 
AocmraeT 20 mkm m 6onee. hto npeBUiiiaeT Tpe6oBaHMfl, 
npeAi>flBJVieMbie k tohhoctm pesa npn paaAeneHMM o6pa3t40B na 
MMKpoHMnbi. KanecTBO o6pa6aTbiBaeMoro oGpasua yxyAUJaercn M3-3a 
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ynoMfiHyroro Harpesa m BUHOca McnapneMoro MarepMana M3 oSjiacTM 
pe3a M ero oca)KAeHMj) Ha noeepxHocrb. 

MdsecreH npouecc JiasepHoro cKpaHSMpoeaHMn m paspyuueHMn 
creioiflHHbix cnoea c HaHeceHHUM Ha hmx noKpbiTneM. Oh 
ocyiMecTBn$ieTcn nyreM HanpaBJieHMn Jiasepnoro Jiyva or iiMnyjibCHoro 
KrF nasepa, Annna BonHbi KOToporo CKUibHo a6cop6MpyeTcn creicnoM, 
ct^oKyciipoBaHMS) jiasepHoro mn^e»m na nosepxHocTM MarepMana mdm b 
ero Tonute h 4)opMMpoBaHivi Ae4>eKra b TOHKe (}>OKycMpoBiai (nareHT CLUA 
Ns 5961852. B23K26/00. ony6n. 5.10.99). 

ycTpoCicTBO Ann ocyu4ecTBneH»iq aroro cnocoSa coff,epMm 
fiasepnyio CMcreMy, onTMi«>-MexaHvmecKy>o CMcreMy HanpaBJieHMfl ii 
cjioKycMpoBKM MaxiyMeHMfl, MexaHH3M nepeMeii4eHM$i odpasua. 
BHAeoKaMepy ftjnn kohtpojia sa npoueccoM. KOMnbiorep m KOHrpojinep Ann 
ynpaBJieHiw BceMU anekrpoHHbiMM ciicreMaMM ii oSpaSoTKM 

M306paX»HI1fl. 

HeAOcraTKOM aroro cnoco6a nanjieTCfi ero orpaHMMeHHOCTb, t.k. oh 
npMMeHHM TOJtbKO p^si onpeAejieHHOTO creicna m Ann onpeAeneHHoro BMAa 
noKpbiTMfi BcneACTBue McnonbaoBaHiin KrF naaepa. ripii stom HeeucoKoe 
KaMecTBO M3fiyMeHM5i aKCMiuiepHoro Jiasepa ne nossoiineT cjdCKyciipoBaTb 
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noBbimaeT aHeproeiuiKocrb npouecca. Otmstum laioKe npiicyutMe aroMy 
cnoco6y pesioi HeBbicoKyio CKopocTb o6pa6oTKU Ms-sa HeeycoKoit MacroTbi 
cn^oBaHMfl MMnyubcoB iisjiyHeHMfl, a raiOKe Manyio my6MHy o6pa6oTiai 
Ms-aa cMJibHoro nomotiteHMR AaHHoro MsnyMeHim b cpenax. 

B ocHOBy MsoSpereHMn nono}KeHa saAana cosAaHun cnoco6a pesni 
npospaMHbix HeMBTaiuiimecKiix MarepnajioB, b tom micfie m oco6o 
TBepAbix. 14 c nojiynpoBOAHMKOBbiM noKpbrrvieM, jiasepHbiM MsnyHBHiiieM, b 
KOTopOM sa CHBT coaABHMfl MMnynbCB c onpaABneHHbiM Ha6opoM 
napaAAerpoB odBcnsMMBaioTcn ycfioBvm aha o6ecn6MeHMfl MexaHMaua 
npoSon MBTepMana aa chbt yAapHoi) m MHoroct>OTOHHoA MOHMaauMM. 
BcneACTBMe Hero coaAaercn pietpeKr OMGHb Md/ioro paaMepa (no 
Be/iMMMHe Qnmmi^ k AM<t>paia4M0HH0My npeAeny), a aa cmbt BbiSopa 
paccT05iHMfl mmy TOMKaMH npo6oR Aocmraerc;) npaioimecKoe 
cooTBeTCTBMe sHepmni JiaaepHoro HMny/ibca m dHepruM^ Heo6xoAiiMofl /vm 
o6pa30BaHM5i TpeiuMHbi M»KAy 2 TOMKaMM npo6on. B cnyMae uaTOBOj) 
3aAHe$) creHKM paapeaaeMoro o6paaua noHM}KaeTcn nopor ero 
pacrpecKMBaHMfi. Cnoco6 o6naAaeT wanoi^ aHeproeMKOCTbio. noaBonner c 
Sonbuoii creneHbio tomhoctm (ao 10 mkm) nponaaoAMTb peaKy 
BbiiueyKaaaHHbix MaTepnanoB tojiii|iihoi;I ot HecKonbKMX mkm ao 300-500 
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BbinoiiHeHMeM cepMif Ae^^eKTOB nyreM (})OKycMpoBKM JiasepHoro 
MsnyMeHUfl b tomiox, pacnojiO}KeHHbix Ha pasHbix mydMHax oSpaaua. 
Pacnono>i«HMe ToneK ct)OKycMpoBiai Ha aaAHeti creHKe nosBOiifieT 
oSecndMMBaTb BbinonneHtie ycnoBMfl cooTBercreMfl nnoTHOCTM sHSMeHMio. 
He npeBbiuiaioiiieMy nopor paspyiueHMfl nonynpoBOAHMKOBoro noKpbiTMfl^ 
MTo Aaer B03M0>KH0CTb BbipesaTb Heo6xoAMMbie Aera/iM 6e3 paapyiudHtvi 
noKpbiTMi;!. 3T0My TaioKe cnocoScTByer pacnonoTKeHiie tomck 
()>opMMpoBaHii;i Ae(t>eKi'OB BAonb HanpaBneniin nonnptisamiM /lasepnoro 
MSJiyMeHun ii cosAaniie AonojiHMTenbHoro cnon Aect^e^roB b Toniite 
MBTepHajia nepneHAHiqriflpHO noBepXHOcnn m napaiuie/ibHo nepBOuy 
cnoio TOHeK. 

BbiuieyicasaHHbifl TexHimecKMA pesyjibrar AOCTMraeTcn sa chot Toro, 
MTO 8 cnoco6e pe3KM npoapaMHboc HeMera/uiMMecKvix MarepManos nyreu 
HanpaBJieHMfl jiasepnoro nyna or HMnyjibCHoro Jiasepa, 4)OKyciipoBaHMn 
jiasepHoro ii3JiyMeHM$i na noBepXHOcni Marepifiajia huh b ero TO/iuie m 

(t)OpMHpOBaHHfl ne^KTB B TOMKe 4)0KyCHpOBKM, HCnOJIbSyiOT HMnyJIbCHOB 

iiasepHoe MsnyMeHMe c unmoPi BonHbi nopnAKa 1 mkm, AnHrenbHOCTbio 
HMnyjibca 10-100 nc m aneprMeK b HMnyjibce ao 100 mkA^k. npM 3tom 

4)0pMkipyK>T nyMOK TaKMM 06pa30M, MT06bl nnOTHOCTb MOUtHOCTH Ha 
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noKpbiTMfl, sareM onpeAe/MioT pasMep Ae4>eKra m (|)opMiipy>oT Ae4}eKrbi b 
TOMKax MarepMajia, otctoauimx Apyr or APyra Ha paccroflHMM, 
onpeAenneMOM 50% nepeKpbiBaHneM Ae(t)eKroB, ao AByKpaTHoro pasMepa 
AecfjeKTa, npM aroM tomkm 4)opMMpoBaHM5i Ae(t)eicroB pacnonaraioT BAOfib 
HanpaBJiBHn;! nojinpusauMM nasepHoro lAznynemsi, a raioKe npOMSBOA^ 
(iJOiQrcMpoBKy nymca hb aaAHejf creHKe o6pa3i4a 6e3 noicpbmui, sareM mjim 
OAHOBpeMeHHo c nepBoCi (|>OKyctipoBi«)A AonoiiHMTenbHO (|}OKycMpyioT 
QAMH MHM HecKonbKO pBS iiBsepHoe M3JiyMeHMe b TOJilue o6pa3i4a 
nepneHAMKyjiflpHO noBepxHOCTM ii napannejibHO nepaouy cnoio tombk. 

ycrpoftcTBo Ann pesiw npospaMHbix HeMeTannnMecioix MaTepMaxioa 
coAep}KiiT jiasepHyio CMcreMy, onrMKO-MexaHMMecicyio CMcreMy 
HanpaBJieHun m 4}OKyciipoBKM mny^enm, MexaHMSM asaiiMHoro 
nepeMGUieHMn o6pa3qa m (})oi{anbHorp nfmia Jiasepa, BUABOKOHTponbMbifi 
6noK, aneiapoHHbifi 6jiok ynpaaneHMn m Komponsi, npvi aroM cuct&aq fvm • 
HanpaBJieHMfl m 0OKycHpOBiai M3JiyM6HM5i BbinonHBHB c nonu(t>OKafibHoj) 
m»io9i, cocTOfliAeil ias 2 m 6ojiee jihhs c pasHbiMM (tsoKycHbiMM 

paCCTO;iHM$IMM, MJIM CMCTeMB PflU HanpBBneHMn M <:|)OKyCHpOBKM M3JiyM6HMfl 

BbinonHeHa c jiMHaoii us AByjiyMsnpenoMnnioiiiero KpMcranna. 

MMKpopacrpecKMBaHMe npoapaMHoro oCpasua motkho cosAarb hb 
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npoTOTMne, ho TaioKe n/reiui ynspmih mnmaiHAW b o6i>eMe. npMBOAmMefi k 
naaepHOMy npo6oK>. 3to nsjieHMe flBnflercs) noporoBUM no ruioTHOCTM 
awepmii m moiuhoctm MsnyMeHWi, nocKO/ibt<y TpeOyercfl no/iyMMTb b mbhom 
o6i>eMe MpesBbmafiHO CMiibHoe aneicrpiiiMeciaje none. TaKofl 34)(t)eicr 
MoyKST 6tim> AocrMmyr npviMeHeHMeM CBepxKopoTKMX jiasepHbix 
MMnyjibcoB nviKOceKyHAHoro AManaaoHa. McnonbsosaHMe npii 3tom 
NdiYAG nasepa c anmoih BonHbi nopfiAKa 1 mkm m bmcokmm KaMecraoM 
nyHKB no3BOJi$ieT noxiyHHTb Ma/ibij) paaMep (jjoicyca nopftAica ^mhmi4 
MMKpoH, 6nvamih k AW(t)paKUMOHHOMy npeAeny, mto Aaer BwcoKyw 
nnoTHOCTb HanyneHMfl y}Ke npM HeBUCOKoi) oQineih dHepmM HMnyjibca. 
KoHTpojiMpyeMoe no HanpaBneHMio pacTpecKMBaHMe o6pa3i4a 
Aocmraercfl sa CMeT .Bbi6opa noAXOA^miefl reoMeTpMM m nompvaaiim 
/laaepHoro nyHKa, a TaioKe npocrpaHCTBeHHoro pacnonoxceHMfl Ha o6pa3Lie 
nocn^oaaTenbHOCTM rpsKOB JiaaepHoro npo6oj), a HMeHHO 
pacnono}i«HMe nepeoro Hanpaanniouuero pflAa Ae^^KroB B6iiM3M aaAHeii 
oreHKM o6paai4a, a TaioKe aa CMer Bbi6opa paccTonHun M&Kf^ TOMKaMM 
cj)OKycMpoBKM ii3nyMeHii5i. OopiumpoBaHMe b oSpaaue 2 m 6onee rpeicoB 
Ae())eKroB oSecnemiBaeT peaKy TOJicTbix (6ojibUje 300 mkm) o6pa3U0B 
oco6o TBepAbix MarepiianoB c aafiBJVieMoiA TOMHOcrbio. B to )Ke BpeMn 
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oriTMMajibHO HM3KMfl nopoF npo6o5i nojiyMaercn sa CMer cneuHanbHoro 
noA6opa ATiMTenbHOCTM nasepHoro MMnynbca. 

Mcnojib30BaHMe e saflsneHHOM ycrpoitcTBe nojiiic))OKaiibHoji miHSbi, 

C0CT051l^ei) M3 2 M 601166 J1MH3 C paSHblMM Ct)0KyCHblMI1 paCCTORHMflMM MUM 

;iMH3bi m AByjiyHenpenoM/Miotuero Kpiicrajvia nosBoiMer coaflaxb OTopoit 
cnoCi Ae(|)eKroB, hto TaioKe npuBOAMT k yBenMHeHMio tomhoctm pesa sa 
CMeT co3AaHMfl BHyrpii oSpasua npeMMytAecTBeHHO BbiAeneHHoro 
HanpaBneHHfl Ann pasnaubiBaHiM oSpasua. 

TaKMM o6pa30M, McnojibsoBaHiie ornMMMrenbHbix npHSHaKOB 
npeAnaraeiMoro M3o6p6TeHMfi noseo/meT cosAaTb cnoco6, 

oSecnemiBaiOIMlljt B03M0}KH0CTb C TOMHOCTblO AO 10 MKM BbipesaTb 

Heo6xoAMMbi6 AdTajiM 663 pa3pyuieHM5i noKpbiTMti Aa)Ke M3 oco6o 
npoMHbix MarepMajiOB, o6naAan npM 3tom ManoSi 9HeproeMKOCTbK>. 

M3o6peTeHM6 noflCHflercn (}>Mr.1-4. 
Ha ^wrA noKasaHa 6jiOK-o(6Ma ycraHOBKM. 0Mr.2 • ysen 4)OKycMpoBiai. 
<t>Mr.3a,6,B - ^oro paspesaHHoro o6pa3i4a can4>Mpa npM 2 SHaMeHMnx 
3HeprMti MMnyjibca • 12 m 20 mkQhc. Ha (t>Hr.4 noxasaHbi 
CKpaii6HpoBaHHbie o6pa3Ubi c fM^fip&Ktam. 

rioncHMM cnoco6 Ha npMMepe pa6oTbi ycrpoiiCTBa Ann pd3KM, 
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• JIaaepHafl CMcreiMa 1. 

• OrmiKo-MexaHMHecKan ciicreMa HanpaaneHvifl m (|>oicyciipoBKM 
ManyMeHMsi 2. 

• MexaHMSM nepememenvm odpasqa 3. 

• BnAeoKOHTpo/ibHoe ycrpoCiCTBO 4. 

• 3neKTpoHHbijii 6jiok Komponn m ynpaeiieHUR 5. 

KanecTBO m crpyicrypa o6pa6oTaHHbix oGpasuos h mx aneMeHToe 
Maynajiocb noA MMKpocKonoM. 

JIasepHaj) CMcreiMa 1 coctomt M3 Nd'.YAQ Jiasepa c MMny/ibCHoi) 
jiaivinoBoA HaicaMKOfl. JIasepHbiR Miuinyjibc noABeprancn AayxcryneHMaToj) 
KoiuinpeccMM no AnnTejibHOCTM MeroAaMii BPM5 m BKP. B pesy/ibTare 
HToroBan AncirenbHocTb MMnyjibcoB cocrasjiRna oKono 15-50 nc, AnMHa 
B0J1HU MSJiyMeHfifl yBenMMMBanacb 3a CMer BKP ao 1.2 mkm, aHeprvi;! b 
MMny/ibce ao 100 mkJ}^ CraHAapTHan Macrora cneAoaaHMfl nMny/ibcoB 
15 Hz. Ann BapbMpoBaHM;) dHepmii b MMnynbce npi46jiM3MTenbHO b 2 pasa 
Ha nym nyna mo)kho 6bino ycraHaBiiMBaTb HeflTpaxibHbiPi 60% ct}(vibTp. 

0OKycMpyK>ii|an cMcreMa 2, noKasaHHa^i hb ^\Ar.2, coctomt m 
KOJUiMMMpyioufeK onrniKM (TenecimnMHecKofl CMcreubi) 7, AMxpoMHHoro 
noBopoTHoro sepKana 8 m (t}OKycMpyK>u4ero MMKpoo6-beicmBa 9, iiMeiouiero 
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caMUM o6jiacTb 4>OKycMpoBaHMn vanfiemn Moma CKaHnpoBarbcn 
BpyMHyio no my6iiHe o6pa3L4a. nojio)KeHMe MMKpoo6i>eicriiBa 

KOHTponnpOBanOCb MMKpOMerpOM C TOHHOCrblO AO 5 MKM. B paSoTB 
MCnOJIbSOSaJIMCb MMKpOOS-beKTMBbI 9 C (t)OKyCHblM paCCTOflHMeM 8 M 15 

MM. ycraHOBJieHHas) Me)KAy CMcreMOfi 7 m aepiojiOM 8 /imhsb 10 (mum 
jiMHsa M3 AByiiyHenpenoRAJinioiMero KpMcraruia) c 2 4>oi^cHbiMM 
paccTo$iHMflMM nosBonwia (})OKycMpoBaTb xiyMM 11 m 12 b pasHbix Mecrax 
no Bbicore o6pa3ua. 

Ann MsyneHMfl BosHMKHOBeHMA rpeiMMH b peaynbTaTe naaepHoro 
npoSofl McnojibsoBajiMCb creioMHHasi nnacruHica 12 Tonu]fAHo9i 1.2 mm m 
can(t)MpoBbie njiacTMHKM to/iimmhoA okojio 0.4 mm 6e3 HanbiJieHM$i, c 
paBHOMepHO HanbiJieHHbiM GaN m g HanbuiewHoj) noxiynpoBOAHMKOBOf) 
ceiKofi 0 maroM 430 mkm. Can4)MpoBbie nnacTMHKM 6binM npospaMHbiMM m 
no/iMpoBaHHbiMM CO cTopoHbi HaHeceHMfl HanbmeHMA M luepoxoBaro- 
MBTOBbie c oSpaTHOii. 

DonepeHHbiji flfnaMerp KaycTMioi nasepHoro nyMKa b ^K^ce 6bm 
oqeHeH b 4-8 mkm no M3o6pa}KeHMiO Tpeica b TO/iuie o6pa3L4a, tab nopor 
npo6of) BbicoKMii, a pa3Mep Kparepa MMHMManeH, mto npaiawecKM 
coBnaAaiio c AM^paKLtMOHHUM np^enoM. 
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riepBbii) pes nyMOM nasepa 1 HaHOCMncn ckbos^ npospaHHyio 
CTopoHy B6nM3M OT aaflHeCi luepoxoBaioi^ creHKM. fnydma ipeica o6jiacTM 
jiaaepHoro npo6ofi cocraenji/ia nopm^ 50 mkm ajih MHKpoo6-beKrMBa c 
F= 8 MM M 80 MKM An5i F= 15 mm. CKpaj)6MpoBaHMe saAHef) creHKM 
ruiacTMHbi 13 npoBOAMnocb npv\ 2-x 3HaMeHii$ix aHepmn MMnyxibca - 20 m 
12 MK^. AonycTMMan BenimiiHa Ae4>eKT0B noBepxHOcrii ao 10 mkm 
rapaHTkipoBaHHO nojiyMajiacb npM pese Ha Ma/iof) mouuhoctm. Ha 4)Mr.3a 
noKasan oGpaseu pesa fmsi aneprMM b MMnynbce 12 mi^. na ()>Mr.36 - 20 
mkA>k, Ha c|}Mr.'3B - 20 mkJ01>k c 2 cnomvi HaneceHHbix Ae4>eicroB. 06nacTb 
noBpe^KAeHMfi w oixnoHeHMfl noaepxHocTM pacKOJia or nmm pesa He 
npeBbiLuana 10 mkm npM pesKe no HanpasneHnjiM, ho coBnaAaKsu^MM c 
KpticTajuiorpa()3MMecKMMM oc5)MM, npH coBnaAeHMM nmm pesa c 
KpMCTa/inorpa4}vmecKO(^ ocbm OTKnoHeHne onpeAenfuiocb TOMHOcrbio 



no3i/ii4MOHMpoBaHiin (|M>KanbHoro nnrHa. 

P^n ynpaBJieni/in pocroM rpemuHbi 6bui npoaeAen BTopofI 
AonorHi/irenbHbij) pes Ha neKOTOpOM paccro;iHHii or saAHei^ noeepxHOCTM. 
TaKoii pes cosAaBaxi AonojiHUTenbHbie Tpeu4MHbi b saAannoM 
HanpaBneHMM BHyrpn o6heMa oSpasua, mto npMsoAHiio k pesKOMy 
CHvoKemm MexaHMMecKoro nopora npM pasnoMe m KonrpcmiipyeMOMy 
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30He pesa C nOMOU^blO nOJIOBMHbl no;iO>KMTenbHOit JIMHSbl 10 c 4}0KyCHblM 

paccTOflHMeM OK0J1O 2 M. npH 3T0M B CTeioie nyMKM pacxoAMjiMCb no 
Bbicore Ha 120 mkm aha od-beicrMBa c ps 15 mm, a b caiKt>Hpe 
pacscoTKAeHMe cocrasnnno 180 mkm M3-3a 6onbUiero noKasare/M 
npenoMJieHMfl. CosAaHHan tbioim m6toaom crpyioypa rpeufMH noaBoiwrntA 
nonyMMTb yAosjieTBopMrenbHoe pasnaMUBaHiie can(}>MpoBoii n/iacniHbi 
Ha MMKpoaneMeHTbi c cropoHOil 400 mkm mm nyreM npoKaTUBaHMfl 
cneunanbHbiM bbjimkom. Ha 4)Mr.4 noKaaaHbi CKpaft6i(ipoBaHHbie oepasubi 
c RedpeKTaMw, HaneceKHbiMM c noMouibio fliBoSiHOfi 0OKyciipOBKM Ha 
pasHbix myduHax cnoea Ae4>eKroB b ToniMe o6pa3ua. 

ripM CKpaji6MpoBaHHH o6pa3i40B c nonynpoBOAHMKOBbiM noKpbirvieM 

6blJ1 MCnOJIbSOBaH KOpOTI«3()>OKyCHbl.i) 06^610116 C F- 8 MM. Oh nosBOJivm 

nojiHOCTbK) ycrpaHMTb BbDKMraHMB HaHeceHHoro noKpbiTMn npM dHepniM 
idMnyjibca 12 mi#k, AnMrejibHocrvi HMny/ibca 30 nc Bcn^CTBMe co3AaHii5i 
ruioTHocTM 3HeprMM MsnyMeHiM Ha noBepxHOCTM o6pa3L4a MdHbuie nopora 
paspyiueHMfl noKpbmm. 

MexanidSMbi BOSHMKHoaeHMn jiasepnoro npo6of) b npospaMHbix 
AMsneKrpMKax noApoSHO MsyMaiiMCb b nocnsAHee AecflnuieTHe b cbs\z\a c 
pasBvmieM 4)eMToceKyHAHoii nsaepnoifi TexHMKM. B pa6oTe As-Chun Tien 
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BKnaA pasjiMMHbix MexaHMSMOB MOHMsauim B BosHHKHOBeHMe JiaaepHoro 
npo6o5i B saBMCMMOCTM OT AnMTeiibHOCTM JiasepHoro MMny/ibca b 
AManasoHe or coreH nMKoceicyHA AO agcsitkob (t)eMTOceKyHA. 

npo6oii b npoapaHHbix cpeAax cBflauBaercfl c SucrpbiM 
HapacraHMeM nxioTHocm aneiapoHOB b aoHe npoBOAMMOCTM /\o 

KpMTMMeCKOrO ypOBH5l. Heo6XOAMMOrO An5l BOSHMKHOBeHMfl CMJIbHOrO 

nomoiueHMH nasepHoro MsnyHeHim B03HMKaiouie() nnzmoi^. B pesy/ibTare 
paspyiueHne cp^A^i npoMcxoAur noA /\eSiCTBVieu oSpasytoiqeflcfl yAapHofi 
BOJiHbi B nnaaiuie. m upwoefxeHHUK b crarbe rpa^mos noporoBOif 

nnoTHocTM 3Hepniii npo6o;i iok ^ynnxm AnnTenbHOCTM MMny/ibca womio 

paCCMaTpMBBTb MexaHMSM l/IHMUMMpOBaHMn B MCnOJIbSyeMOM HaMM 

AManasoHe okojio 30 nc cneAyioiAMM oSpasoM. B sohb npoBQAMMOcTM 
TBepAbix Ten d/iaroAapn HanuiMMio npiiMeceit BcerAa HaxoAnrcn 
Heiayropoe KO/iimecTBO cBoSoAHbix a/ieiopoHOB. FIoa RePunswetA OMSHb 
cMJibHoro aneicrpMMecKoro nonn nasepHoii BoiiHbi nopsipfxa cotbh MB/cm 
npoii(»(OAMT ycKopeHMe aneiapoHOB ao SHepniM, AOcraTOHHOki pfm 
yAapHoi^ MOHnaamiM btomob peiueTKM. B pesynbTare paaBMBaeTcn 
3netcrpoHHa5i xiaBMHa. KOTopa^i . 6bicTpo AOcmraeT KpimmecKoft 
rvioTHocTM. B no/ibay MexaHM3Ma yAapHoil mmzaufuvi cBMAerenbCTByer 
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luepoxoBaTOft rioBepxHocTH ua-sa Bospocuiero KOJiMMecrea A@ct)eKroB 
peujeTXM. 

rioMMMO vAapHoro, npii AnMTenbHocm MMnyiibca b eAMHMUbi 

HMKOCeKyHA HaMMHaer pa60TaTb MexaHMSM MHOro4)OTOHHOlll MOHMSaUMM, 

OAHBKO OH Aaer ochobho(^ BioiaA b o6jiacTM AncrrenbHocTeii Kopose 1 nc. 
npii 3T0M BeriMHMHa ruiOTHOCTM 3HepniM npo6o5) nponopuMOHajibHa 
KsaApaTHOMy KopHio m3 AnMTenbHocTM MMnynbca aruiOTb ao SHaMeHMj) 
Anm-enbHOCTM nopnAKa 10 nc, a npM Aa/ibHefiuieM yKoponeHMM Munynbca 
BeAer ce6fl HenMHej^Ho, ho 6jiM3Ka k nocroAHHOMy sHaMeHMio (HanpiiMep, 
OKOjio 1 F^cwZ Ann nnaBneHoro Kaapua). 

PaccMarpMBaeMbij) yAapHufl MexaHHSM motkbt npMBOAMTb k 
saBMCHMOcni reoMerpMM npo6ofi b tbbpaom rene or HanpaBneHtw 
noimpMsaiiMM xiasepHoro nyna. riocKOUbKy dJieicrpoHbi ycKopmorcfl BAO/ib 
HanpasneHMfl ajietcrpMHecKoro nons\, T.e. seicropa nojvipMsamiM, to m 
npei/iiMytuecTBeHHoe HanpaaneHiie paspacraHiiR anetopoHHOfi jiaBMHU 
AOJDKHO pacnojiaraTbCfl BAOiib aToro HanpaBJieHvin. Tamu oGpasoM, 
rviasMeHHoe oSjibko m BosHMKaioii^an yAapHa5i bojinb p/onimbu m&n, 
(jpopuy, BbrraHyryio BAO/ib HanpaBJieHMfl noiiflpMsauMM. Cxi^OBarenbHO, m 
ct)opMa TpeiMidHbi 6yAeT 6oiiee ysKOil m /vynmc^ npM pacnonojKeHMM 



. WO0J/07I521 PCT/RU03/00a42 

nojvipMsauHM M, cooTBeTCTBeHHO, 6ojiee pawroi^ m HeposHoj) nonepeK 
3Toro HanpasneHMfl. Oro ao/ih(ho TaioKe npHBOAMTb k yMeHbuieHMio 
MexaHMHecKoro nopora paanoua ruiacTMH BAonb pesa, HanpaaneHHoro no 
nonnpMsauMM nyna. 

Ha 3T0M OCHOeaHMM MOTKHO nOflCHHTb BblSpaHHblil AManSSOH 

AnMTenbHocrefi MMny/ibca. Hpii AnMrenbHOcni MMnynbca MeHbtue 10 nc, 
KaK BfAfino m BbiLueyKasaHHOfl crarbM. Ae^cTayioiqiiM Me^M3M0M 
npo6o5i, Hapsvty c yAapHofi, craHOBMroi MHoroctxyroHHan m TyHHenbHan 
MOHMsamifl. KaK HSBecTHO M3 npaioMKM, npn AnnrenbHOCTM HMnyribca 

nop^lAKa COTGH (t)eMTOCeiQ(HA M KOpOMe BOSHMICaiOT CMJIbHbie HenMHei^Hbie 

3ct}4}eicrbi, KOTOpbie npmop^, c OAHoii cropoHbi, k HeaoaMcnKHocTM 
c4)oi^cMpoBaTb naaepHbii^ nysoK b nflTHO Heo6xoAMMoro Majioro pasMepa, 
a, c ApyroA - K M0Ai^ct>MKaui4M noKasarexm npenoMJieHMfl m noMyrHeHMio 
npospaMHoro MarepMana. 3tm MexaHMsnibi npaicniMecKM MCKniOMaioT 
B03M0}KH0CTb nasepHoro npo6on a oSiaeMe noAnoxooi m, nodTOMy, 
HenpMroAHbi Ann peaioi. B cboio OMepeAb. AnanasoH AnMrenbHOcreii 
MMnyjibca npMuepHO ot 500 dpc ao em»m ni/iKocei^HA MpesBbmailHo 
TpyAHo peajiMsoBBTb npaKivmecKM. nonyMMa npw stom npiieMneMbie 
MacTOTHbie napauerpbi b AManasoHe ot AecnrKOS Tu ao AacflfiKOB vTn 

(pe}KMiVI CMHXpOH113ai4MM MOA ABeT MaCTOTbl nOBTOpBHIlA B ABCRTKM M COTHM 
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MPm). HaKOHeu, npM AnMrenbHOcrax MMnynbooB Sojibiue 100 nc 
BcneAci^Me Bospacrratoutero aHeprosBOAa o6nacTb Aec)>eKTa SHaMMTenbHo 
yBenMHHBaercn, TaioKe HaMMHaioT CKasbisaTbcn repMmecKMih rpaAMeHT. 
MTO B MTore B^eT K CHM}iQeHMio sansneHHoA tomhoctm. 

TaKMM o6pa30M, McnojibsoBaHMe MexaHMSMa yAapHojl MOHMsauiiM 
nosBOiiMJio co3AaTb cnoco6 CKpaR6MpoBaHiw npospawHbix oco6o TeepAbix 
HeMeTanuMMecKMx MarepiianoB c nonynpoBOAHMKOBUM noKpbmieM, 
66ecnemiBaioiAM() TOMHocrb pesKM ariix MarepHajioB ao 10 mkm. 
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OopMyna M3o6peTeHMA 



1. Cnoco6 pe3KM HeMeTsmni4HecKfix MaTepkianoB nyreM 
HanpasneHMfl ^lasepHoro nyMa or liMnynbCHoro nasepa, 
(t}OKyci4poBaHMH jiasepHoro w^y^enm Ha noeepxHOCTM o6pa3i4a mjim b 
ero TOJiLue i/i (|)opMMpoBaHM;i fl,e^KTa b tomkc ^oKycMpoBKM, a aareM 
npiino)KeHifijR MexaHtmecKoro ycM/iMfl k noBepxHocm o6pa3i4a, 
ojnmamuvAi^cn tbm, hto McnojibsyiOT MMny/ibCHoe jiasepHoe 
mnfieme c a^moPi BonHbi, jie?Kau4ei) b o6jiacTM npo3pa4HOCTii 
MaTepnana, AnMrenbHocTbio MMny/ibca 10-100 nc w sneprwevi b 
Munyjibce, p,octstwho9i aha o6pa30BaHHn npoSofl b sohb 4>0Kyca, npM 

3T0M C))OpMMpyiOT HyMOK TaKMM 06pa30M, MT06bl rUIOTHOCTb MOli4HOCTVI 

Ha noBepxHocTM He npeabiujajia nopor pa3pyiueHM;i 
nojiynpoBOAHMKOBoro noKpymfi, saieM onpemenmor pasiuiep Ae(|3eicra n 
(|3opMMpytOT AectieKTbi B TOMKax o6pa3i4a, oTCTomi^iix Apyr or Apyra na 
pacCTOflHMM, onpeAenjieMOM 50% nepeKpbiaaHMeM Ae4)eicT0B na 50% 
AO AByKpaTHoro paccronHUfi Me>KAy AectseKraiuiM. 
2. Cnoco6 pe3KM npo3paHHbix HeMeTannMHeciaix Marepi/ianoB no n.1. 
OTJiviMaioLiiMi^cn TBM, HTO TOHKH ct}opMMpoBaHki5i R&jp&fJOB pacnojiaraioT 
BAO/ib HanpaBneHMfi nojifipM3aMHH nasepnoro MsnyMeHMfl. 
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3. Cnoco6 jpesm npospawHbix HeMerannimecKMx uarepManoB no n.1, 
ornnHaiouMMiicfl tcm, mto npoMSBOA^T ct>OKycMpoBKy nymo Ha saAHeii 
creHKe o6pa3Lia 6e3 noKpbiTMfl, z&reM m/im oAHospeiMeHHO c nepsoih 
(|)OKycMpoBKofi AonojiHMTenbHO ({JOKycMpyioT oahh mvt HecKOJibKO pas 
JiasepHoe ManyneHMe b ronu^e o6pa3ua nepneHAMKyjinpHo noBep)aiocTM 
M napajinenbHO nepsoMy cnoio Ae4>eKroB. 

4. ycrpoi^cTBo Ann pesKii npospaMHbix HeMeTaiinymecKHX MatepnajioB, 
coAep>KaiMee nasepHyio CMcreMy, onriiKO-MexaHMMecKyio CMcreMy 
HanpaaneHi^ji m ct)OKyciipoBKH fAiny^enm, MexaHM3M BsawMHoro 
nepeMeLueHM^i o6pa3i4a h (t>OKajibHoro nRTHa, BMAeoKOHrponbHoe 
ycrpoficTBo, 6noK ynpaajneHMn m KOHTpoxin, OTJiMHaiouieecfi TeM, hto 
CMcreMa /vm HanpaBneHMfi m ())OKycMpoBKM iianyMeHiisi BbinojiHeHa c 
jiMHSoj^, cocTonufej) na 2 ki 6onee nmz c pasHbiMn ct>0KycHbiMii 

paCCTOAHMflMM. 

5. ycrpoitcTBO no n.4, OT/iMnaioiiieecfl tcm, mto ci/icreMa Anfl 
HanpaBJisHMn m (t}OKycMpoBKM MsnyMeHMn BbinoriHeHa c JiMHSOi^ m3 
AByjiyMenpenoMJi5)K>u4ero Kpucranna. 
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